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We Claim: 



1. A semiconductor device comprising at least one transistor ory a 
semiconductor substrate, wherein 

said at least one transistor comprises: 

a semiconductor layer of a first conductivity type which is forme^in a surface 
of said semiconductor substrate; 

a channel dope layer of the first conductivity type which informed selectively 
in said semiconductor layer; and 

a control electrode which is formed at a position ^hich faces said channel 
dope layer, above said semiconductor layer, 

said control electrode comprises a polysilicoylayer which internally includes 
an impurity of a second conductivity type and ilitrogen, and 

said nitrogen is introduced tea a lower portion of said polysilicon layer in such 



a manner that said impurity has 
of said polysilicon layer but has j 
of said polysilicon layer. 



raatiy^fy high concentration in an upper portion 
felaftvely low concentration in said lower portion 



2. The semiconductor device of claim 1, wherein said at least one transistor 
includes at least two typfes of transistors, and said at least two types of transistors 
are structured so th^t concentrations of said nitrogen are different between said at 
least two types or transistors. 



3. A he semiconductor device of claim 2, wherein said at least two types of 
transistors include a first to a third types of transistors, 



said first type of transistor comprises: 

a pair of first semiconductor regions of the second conductivity type forced 
selectively and independently of each other within said semiconductor lay^of said 
first type of transistor; and / 

a first gate oxide film which is formed on said semiconductor layer of said 
first type of transistor, between said pair of first semiconductor regions, 

said channel dope layer of said first type of transistor is formed between said 
pair of first semiconductor regions, / 

said control electrode of said first type of transistor includes: 
a first polysilicon layer which is formed **n said first gate oxide film; and 
a first nitrogen-introduced region whmh is formed within said first polysilicon 
layer, / \ /y< 

said second type of transistor comprises: 

a pair of second semiconductor regions of the second conductivity type formed 
selectively and independently^ efach other within said semiconductor layer of said 
second type of transistor; afad 

a second gate oxidfe film which is formed on said semiconductor layer of said 
second type of transistor, between said pair of second semiconductor regions, 

said channel dope layer of said second type of transistor is formed between 
said pair of second semiconductor regions, 

said octroi electrode of said second type of transistor includes: 

a s^tond polysilicon layer which is formed on said second gate oxide film; 
and / 

/ a second nitrogen-introduced region which is formed within said second 
pdlysilicon layer, 
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said third type of transistor comprises: 

a pair of third semiconductor regions of the second conductivity type j^frmed 
selectively and independently of each other within said semiconductor l^yer of said 
third type of transistor; and 

a third gate oxide film which is formed on said semiconductor layer of said 
third type of transistor, between said pair of third semiconductor regions; 

said channel dope layer of said third type of transistor is formed between said 
pair of third semiconductor regions, 

said control electrode of said third type pf transistor includes: 
a third polysilicon layer which is forrrfed on said third gate oxide film; and 
a third nitrogen-introduced/ {egjon which is formed within said third 
polysilicon layer, 

concentrations of said first 
from each other, 

said first to said third/gate oxide films have the same thickness, and 
said channel dope^layers of said transistors of said first to said third types 
have the same impurity concentrations. 



lira nitrogen-introduced regions are different 



4. The semiconductor device of claim 2, wherein said at least two types of 
transistors includes a first to a third types of transistors, 
said first type of transistor comprises: 

a pair of first semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
firs/ type of transistor; and 

a first gate oxide film which is formed on said semiconductor layer of said 



+ 
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first type of transistor, between said pair of first semiconductor regions, 

said channel dope layer of said first type of transistor is formed betxy^en said 

pair of first semiconductor regions, 

said control electrode of said first type of transistor include^ 
5 a first polysilicon layer which is formed on said first gate oxide film; and 

a first nitrogen-introduced region which is formed within said first polysilicon 

layer, 

said second type of transistor comprises: 
a pair of second semiconductor regions of thi second conductivity type formed 
10 selectively and independently of eacli^pther w^hin said semiconductor layer of said 
second type of transistor; and 

a second gate oxide film which id/fdrmed on said semiconductor layer of said 
second type of transistor, betweejn j^aidWir of second semiconductor regions, 

said channel dope layer o0aid second type of transistor is formed between 
15 said pair of second semiconductor regions, 

said control electrode of said second type of transistor includes: 
a second polysilicon layer which is formed on said second gate oxide film; 

and 

a second Imogen-introduced region which is formed within said second 
20 polysilicon la^er, 

said third type of transistor comprises: 

a jiair of third semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
plird type of transistor; 

a third gate oxide film which is formed on said semiconductor layer of said 
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third type of transistor, between said pair of third semiconductor regions; 

a floating gate electrode which is formed on said third gate o^fde film; and 
an inter-layer insulation film which is formed on said floating gate electrode, 
said channel dope layer of said third type of transistor is formed between said 

pair of third semiconductor regions, 

said control electrode of said third type of transis^6r includes: 
a third polysilicon layer which is formed on said third gate oxide film; and 
a third nitrogen-introduced region whipn is formed within said third 

polysilicon layer, 

a concentration of said first nitrogens-introduced region is higher than those 
of said second and said third nitrogen/introduced regions, 

said first and said seconp g ite^dde films have the same thickness which is 

gate oxide film has a second thickness which is 
'ss, knd 

said channel dope lafydrs of said transistors of said first to said third types 
have the same impurity concentrations. 



a first thickness, while said 
thicker than said first thickn 



lafve 



5. The semiconductor device of claim 2, wherein said at least two types of 
transistors in^Kides a first to a third types of transistors, 
said ffrst type of transistor comprises: 

a pfair of first semiconductor regions of the second conductivity type formed 
seleptively and independently of each other within said semiconductor layer of said 
fi/st type of transistor; and 

a first gate oxide film which is formed on said semiconductor layer of said 
first type of transistor, between said pair of first semiconductor regions, 
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said channel dope layer is formed between said pair of first semiconductor/ 
regions, / 
said control electrode of said first type of transistor includes: / 
a first polysilicon layer which is formed on said first gate oxide/film; and 
a first nitrogen-introduced region which is formed within saidrirst polysilicon 
layer, / 
said second type of transistor comprises: / 

a pair of second semiconductor regions of the secjemd conductivity type formed 
selectively and independently of each other withiiysaid semiconductor layer of said 
second type of transistor; and / 

a second gate oxide film which is forrned on said semiconductor layer of said 
second type of transistor, between said /pair of second semiconductor regions, 

said channel dope layer of slaicr second type of transistor is formed between 
said pair of second semiconduatorJegions, 

said second control electrode of said second type of transistor includes: 

a second polysilicon layer which is formed on said second gate oxide film; 
and / 

a second nitrogen-introduced region which is formed within said second 
polysilicon layer, / 

said third/ype of transistor comprises: 

a pair dt third semiconductor regions of the second conductivity type formed 
selectively and independently of each other within said semiconductor layer of said 
third type of transistor; 

/ a third gate oxide film which is formed on said semiconductor layer of said 
third type of transistor, between said pair of third semiconductor regions; 
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said channel dope layer of said third type of transistor is formed between said 

pair of third semiconductor regions, 

said control electrode of said third type of transistor includes: 
a third polysilicon layer which is formed on said third gate ojddt film; and 
a third nitrogen-introduced region which is formed /within said third 

polysilicon layer, 

a concentration of said third nitrogen-introduced region is higher than those 

of said first and said second nitrogen- introduced regions, 

said first to said third gate oxide films have' the same thickness, and 
said channel dope layers of said transistors of said first and said third types 

have the same impurity concentrations. 

6. A semiconductor devipjp including at least one transistor on a 
semiconductor substrate, whereh 

said at least one transistor cbmfJrises; 
an active region whjch is defined by a field oxide film which is selectively 
formed on a major surface of said semiconductor substrate; 
an oxide film/which is formed on said active region; and 
a control^electrode which is formed on said oxide film and said field oxide 
film, said control electrode internally including a polysilicon layer into which an 
impurit)/of the same conductivity type as a source/drain layer and nitrogen are 
intrqduced, and 

said nitrogen is selectively introduced to a lower portion of said polysilicon 
'layer on an edge portion of said active region in such a manner that said impurity 
has a relatively high concentration in an upper portion of said polysilicon layer but 
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has a relatively low concentration in said lower portion of said polysilicarr^fayer. 

7. The semiconductor device of claim 6, wherein said nitrogen is introduced 
at a dose of 1 x 10 15 /cm 2 to 1 x 10 36 /cm 2 . 



fU 10 

in 
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8. A semiconductor device including ar least one transistor on a 
semiconductor substrate, wherein 

said at least one transistor comprises;, 

an active region which is definepjl)^ \ field oxide film which is selectively 
formed on a major surface of said^enjficoncluctor substrate; 
an oxide film which is fcnned on said active region; and 
a control electrode which is formed on said oxide film and said field oxide 
film, said control electrode internally including a first polysilicon layer into which 
nitrogen is introdi^ed and a second polysilicon layer into which an impurity of the 
same conductivity type as a source/drain layer is introduced. 



9y The semiconductor device of claim 8, wherein said nitrogen is introduced 
at aldose of 1 X 10 15 /cm 2 to 1 X 10 16 /cm 2 . 
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10. A method of manufacturing a semiconductor device in which there are 
at least one transistor on a semiconductor substrate, comprising the steps of: 

(a) forming a semiconductor layer ^p£/a first conductivity type within a 
surface of said semiconductor substrate, position where said at least one 
transistor is formed; 

(b) selectively forming a channel dope layer of the first conductivity type 
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within said semiconductor layer of said at least one transistor, by ion implantation; 
and 

(c) forming a control electrode above said semiconductor layer of said at 
least one transistor, at a position facing said channel dope layer, wherein 

said step (c) includes a step (c-1) of forming a polysilicon^layer which 
includes an impurity of a second conductivity type and nitrogen^and 

said step (c-1) includes a step of introducing said nitrogen to a lower portion 
of said polysilicon layer. 

11. The method of manufacturing a semiconductor device of claim 10, 
wherein said at least one transistor includes a first to a third types of transistors, 
said step (c) comprises the steps oft xf\ 

forming an oxide film on said senjicqndtfctor layers of said first to the third 
types of transistors; 

forming a first polysilicon layer on said oxide film; 

introducing an impurity /of the second conductivity type into said first 
polysilicon layer, to thereby/form a second polysilicon layer; 

introducing nitrogen/into a lower portion of said second polysilicon layer at 
a dose nl, to thereby form a first nitrogen region; 

masking over said second polysilicon layer at a position at which said first 
type of transistor is formed and introducing nitrogen into said first nitrogen region 



within a remaining portion of said second polysilicon layer at a dose n2 to thereby 
form a secopd nitrogen region; 

masjcing over said second polysilicon layer at a position at which said second 
type of transistor is formed and introducing nitrogen into said second nitrogen 
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region within a remaining portion of said second polysilicon layer at a dose n3 to 
thereby form a third nitrogen region; and 

selectively removing said second polysilicon layer and said oxide film by 
patterning, to thereby form: 

a first gate oxide film and said control electrode of said firsj4ype of transistor, 
on said semiconductor layer of said first type of transistor; 

a second gate oxide film and said control electrode of said second type of 
transistor, on said semiconductor layer of said second/type of transistor; and 

a third gate oxide film and said control ^lectrode of said third type of 
transistor, on said semiconductor layer of said third type of transistor. 

12. The method of manufacturing^, semiconductor device of claim 10, 
wherein said at least one transistor inclucWa first to a third types of transistors, 
said step (c) comprises the steps^of: 

forming a first oxide film haying a first thickness on said semiconductor layers 
of said first to said third types^of transistors; 

selectively forming a first polysilicon layer which uniformly has an impurity 
of the second conductivity /type on said first oxide film on said semiconductor layer 

of said third types of transistor; 

A / 

selectively forming an insulation film on said first polysilicon layer while 
removing said first/oxide film at positions where said first and said second types 
of transistors are/formed; 

forming^'second oxide film having a second thickness which is thinner than 
said first thickness on said semiconductor layer of said first of transistor and said 
second types of transistor; 
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forming a second polysilicon layer on said second oxide film and said 
insulation film; / 

introducing nitrogen into a lower portion of said second polysilicon layer at 
a dose nl to thereby form a first nitrogen region; 

masking over said second polysilicon layer at a position at whicli said second 
and said third types of transistors are formed and introducing nitrogen into said first 
nitrogen region within a remaining portion of said second polysilicon layer at a 
dose n2 to thereby form a second nitrogen region; and 

selectively removing said second polysilicon la./er and said first and said 
second oxide films by patterning, to thereby form: 

a first gate oxide film and said control electrode of said first type of transistor, 
on said semiconductor layer of said first tybE) / of transistor; 

a second gate oxide film and said con\troV electrode of said second type of 
transistor, on said semiconductor layer df said second type of transistor; and 

a third gate oxide film, a floating/gate electrode, an inter-layer insulation film 

/ 

and said control electrode of said /third type of transistor, on said semiconductor 
layer of said third type of transistor. 



13. The method of^manufacturing a semiconductor device of claim 10, 

wherein said at least one/transistor includes a first to a third types of transistors, 

/ 

said step (b) comprises a step of forming said channel dope layers of said first 

/ 

and said third types^of transistors so that said channel dope layers have the same 

impurity concentration, 

/ 

said step (c) comprises the steps of: 

/ 

a step of' forming an oxide film on said semiconductor layers of said first to 
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said third types of transistors; 

forming a first polysilicon layer on said oxide film; 

introducing an impurity of the second conductivity ty^e into said first 
polysilicon layer thereby form a second polysilicon layer; 
5 introducing nitrogen into a lower portion of said second polysilicon layer at 

a dose nl to thereby form a first nitrogen region; 

masking over said second polysilicon layer at' a position at which said first and 
2 said second types of transistors are formed and introducing nitrogen into said first 

g nitrogen region within a remaining portioftvof said second polysilicon layer at a 

o 10 dose n2 to thereby form a second nitrogep rpgion; and 

y / 

B selectively removing said second polysilicon layer and said oxide film by 

jj 

patterning, to thereby form: 

a first gate oxide film and said control electrode of said first type of transistor, 
on said semiconductoHayer of said first type of transistor; 

a second gate oxide film and said control electrode of said second type of 
transistor, on said/semiconductor layer of said second type of transistor; and 

a third ^gate oxide film and said control electrode of said third type of 
transistor,^n said semiconductor layer of said third type of transistor. 
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